Reliability, reproducibility and variability of the traditional Histologic/Histochemical Grading System vs the new OARSI Osteoarthritis Cartilage Histopathology Assessment System  by Custers, R.J.H. et al.
Reliability, reproducibility and variability of the traditional
Histologic/Histochemical Grading System vs the new OARSI
Osteoarthritis Cartilage Histopathology Assessment System
R. J. H. Custers M.D., L. B. Creemers Ph.D., A. J. Verbout M.D., Ph.D., M. H. P. van Rijen B.Sc.,
W. J. A. Dhert M.D., Ph.D., F.B.S.E. and D. B. F. Saris M.D., Ph.D.*
Department of Orthopaedics, University Medical Center Utrecht, The Netherlands
Summary
Objective: For many years, the Histologic/Histochemical Grading System (HHGS) for osteoarthritis monitoring has been used as a histological
scoring system for the quality of cartilage. There are, however, some limitations using this grading system. The goal of the investigation pre-
sented in this paper was to examine the hypothesized advantage of the recently introduced Osteoarthritis Research Society International
(OARSI) Cartilage Histopathology Assessment System (OOCHAS) as compared to the most frequently used HHGS by means of reliability,
reproducibility, and variability evaluation as well as the correlation analysis between the two systems in goat knee articular cartilage.
Methods: Nine hundred and thirty-six sections of Dutch Milk goat articular knee cartilage were scored using light microscopy. Three observers
applied the HHGS for all sections and subsequently, the OOCHAS. The same scoring procedure was repeated after a minimum interval of
1 week. For each system the reliability, reproducibility and variability as well as the correlation between both systems were determined.
Results: The reliability of the OOCHAS was higher as compared to the HHGS. Both the HHGS as well the OOCHAS have an excellent intra-
and inter-observer reproducibility and variability and a good positive correlation between the scores.
Conclusions: Although the HHGS has proven to be an excellent tool for histological scoring of cartilage quality, we recommend the OOCHAS
as the premium choice while stressing the importance of further research investigating the correlation of the histological results to macroscopic
and biochemical parameters.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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A universally accepted system for the histopathologic grad-
ing of osteoarthritis (OA) is an important prerequisite for the
generation of histological, histochemical, and immunohisto-
chemical data in cartilage research that can be compared be-
tween different laboratories1. For many years, the Histologic/
Histochemical Grading System (HHGS) forOAmonitoring as
described by Mankin et al.2 has been used as a histological
scoring system for the quality of cartilage. ThisHHGSwas ini-
tially developed for the grading of OA in human articular carti-
lage and has been used extensively in human studies. The
system has been modiﬁed by several researchers and fre-
quently used for the grading of articular cartilage in animal
models.Thesystemusesa14point scorebasedonacombina-
tion of cellular changes, histochemical presence of Safranin O
matrix staining and architectural changes (erosion, vascular
penetration of the tidemark) (Table I). There are, however,
some limitations using this grading system. First, the system
was based on a study of specimens with very advanced OA2.
Therefore, this system is not linear for mild or earlier phases
of OA. Second, this is a grading system and lacks a staging
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Received 7 March 2007; revision accepted 9 April 2007.124component, which leads to difﬁculties when applying the sys-
tem in a uniformway if variation of cartilage quality existswithin
the same section. Third, the inter- and intra-observer variability
of this system have repeatedly been described to be high1,3,4.
To overcome these limitations, the Cartilage Histo-
pathology Assessment System was recently introduced by
Osteoarthritis Research Society International (OARSI)
(OOCHAS). Their objective was to devise a more useful
method to assess OA histopathology that would have
wide application for OA assessment in clinical and experi-
mental in vivo studies5. This system follows an analogy of
the concept widely used in cancer pathology assessment.
Increasing grade (OA depth progression into cartilage) indi-
cates a more biologically aggressive disease; increasing
stage (the horizontal extent of cartilage involvement within
one side of a joint compartment irrespective of the underly-
ing grade) indicates greater disease extent. The overall
score is deﬁned as assessment of combined OA grade
(0e6 points) and OA stage (0e4 points), representing
a combined assessment of OA severity and extent (0e24
points) (Tables II and III). As depth and horizontal extent
are simpler features to assess than differences amongst
particular OA features, it is likely that the OOCHAS can
be applied more consistently by less experienced observers
than the HHGS. Therefore, it was anticipated that the
OOCHAS results in less variation amongst observers and
proportionally a wider range of scores in early or mild OA
than the HHGS5.1
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to examine the hypothesized advantage of the recently in-
troduced OOCHAS as compared to the most frequently
used HHGS by means of reliability, reproducibility, and
variability evaluation as well as the correlation analysis
between the two systems in goat knee articular cartilage.
Materials and methods
EXPERIMENTAL DESIGN
This research was approved by the Institutional Animal
Care Committee of the Utrecht University (approval number
DEC 04.07.057). In four adult female Dutch Milk goats (av-
erage age 3.0 0.25 years), the medial tibial plateau was
replaced with a cobaltechromium implant (right knee) for
a separate study examining cartilage damage due to bioma-
terial articulation. The implants were provided by Smith &
Nephew, Memphis, TN, USA. The knees were harvested
after a follow-up period ranging from 1 to 2 months and car-
tilage tissue samples (n¼ 78) were obtained. The cartilage
quality was blindly scored twice by microscopical evaluation
for both the HHGS and the OOCHAS by three different
observers.
CARTILAGE SAMPLES
Nine hundred and thirty-six sections of articular cartilage
were analyzed. Full cross-sectional tissue samples were
harvested in each compartment (medial and lateral tibial
plateau, and medial and lateral femoral condyle) at three
standardized locations partly close to and some more re-
mote from the area of greatest cartilage degeneration
(one anterior, one in the middle and one posterior) accord-
ing to the OARSI guidelines5. Thus cartilage samples rang-
ing from (almost) healthy to severely degenerated were
provided (Fig. 1). One section per sample was used for
analysis, usually through the maximal cross-section of the
Table I
HHGS as described by Mankin et al.2
I Structure
A Normal 0
B Surface irregularities 1
C Pannus and surface irregularities 2
D Clefts to transitional zone 3
E Clefts to radial zone 4
F Clefts to calciﬁed zone 5
G Complete disorganization 6
II Cells
A normal 0
B Diffuse hypercellularity 1
C Cloning 2
D Hypocellularity 3
III Safranin O staining
A Normal 0
B Slight reduction 1
C Moderate reduction 2
D Severe reduction 3
E No dye noted 4
IV Tidemark integrity
A Intact 0
B Crossed by blood vessels 1
Total score
Minimal 0
Maximal 14lesion in the plane of the section, so in total 9 or 12 sections
per knee were included dependent upon the presence of
a tibial implant.
HISTOLOGICAL PROCESSING
The histological preparations were according to the
OARSI guidelines5. The samples were ﬁxed in 4% buffered
formalin immediately after harvesting and subsequently de-
calciﬁed using Luthra’s solution (3.2% 11.7 M HCl and
10.0% formic acid) for 48 h. The decalciﬁed tissue was de-
hydrated via 70e100% ethanol, rinsed with xylene and ﬁ-
nally embedded in parafﬁn. Five micrometers thick
parafﬁn sections were cut and stained with Safranin O
and Fast Green (Fig. 2).
SCORING
All samples were presented blinded with respect to tissue
origin and location and examined twice in random order un-
der direct light microscopy by each of the observers. First,
each section was examined at 40 magniﬁcation, to obtain
information about the entire section and to determine the
extent of lesions present. Second, the entire section was
examined at 100 magniﬁcation for more detail of the cel-
lular aspect of the cartilage. While observers A and B
were experienced in using the HHGS, observer C was
a ﬁrst-time user. All observers were inexperienced in using
the OOCHAS. Therefore, before examining the experimen-
tal cartilage samples, the observers were allowed to be-
come familiar, by self-education, with each of the scoring
systems using sections of relevant tissue not included in the
current investigation. To determine the correlation between
the two different scoring systems, the observers determined
the HHGS and subsequently the OOCHAS for all sections.
Separate observationswere performed after aminimum inter-
val of 1 week, repeating the same scoring procedure.
Statistical analysis
RELIABILITY
This term encompasses the internal consistency of
a scale, usually measured as Cronbach’s alpha, which
measures the degree of correlation among items6. The
Cronbach’s alpha was determined for the mean of the
scores from all three observers for both time point 1 and
time point 2 for both scoring systems. A Cronbach’s alpha
of 0.7 is widely accepted to be the cut off point to be accept-
able, values between 0.7 and 0.9 are good and above 0.9
are excellent, but also may indicate redundancies in the
scale7,8 (Table IV).
REPRODUCIBILITY
Statistical methods used to analyze the reproducibility of
each scoring system within the same observer were based
on graphic techniques as described by Bland and Altman9;
the difference of the two HHGS’ scores of each section
against the mean of the two scores for that section as deter-
mined by each observer was plotted [Fig. 3(A)]. In addition,
in the Bland and Altman plots the upper and lower limits of
agreement were indicated. These were calculated by add-
ing and subtracting twice the Standard Deviation (SD) of
the differences to and from the mean of the difference. Fur-
thermore, the Bland and Altman plot was used to determine
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OOCHAS3 e advanced grading methodology
Grade (key feature) Subgrade (optional) Associated criteria (tissue reaction)
Grade 0:
surface intact, cartilage intact
No subgrade Intact, uninvolved cartilage
Grade 1: surface intact 1.0 Cells intact Matrix: superﬁcial zone intact, edema and/or ﬁbrillation
1.5 Cell death Cells: proliferation (clusters), hypertrophy
Reaction must be more than superﬁcial ﬁbrillation only
Grade 2: surface discontinuity 2.0 Fibrillation through superﬁcial zone As above
2.5 Surface abrasion with matrix loss
within superﬁcial zone
þDiscontinuity at superﬁcial zone
Cationic stain matrix depletion
(Safranin O or Toluidine Blue) upper 1/3rd of cartilage
(mid zone)
Disorientation of chondron columns
Grade 3: vertical ﬁssures 3.0 Simple ﬁssures As above
3.5 Branched/complex ﬁssures Cationic stain depletion (Safranin O or Toluidine
Blue) into lower 2/3rd of cartilage (deep zone)
New collagen formation (polarized light microscopy,
Picro Sirius Red stain)
Grade 4: erosion 4.0 Superﬁcial zone delamination Cartilage matrix loss, cyst formation within cartilage matrix
4.5 Mid zone excavation
Grade 5: denudation 5.0 Bone surface intact Surface is sclerotic bone or reparative tissue including
ﬁbrocartilage5.5 Reparative tissue surface present
Grade 6: deformation 6.0 Joint margin osteophytes Bone remodeling. Deformation of articular surface contour
(more than osteophyte formation only)
6.5 Joint margin and
central osteophytes
Includes: microfracture and repair
Grade¼ depth progression into cartilage.whether the accuracy of the scale would be dependent on
the degree of cartilage damage by assessing whether a fun-
nel or cone effect is observed when looking at the scatter of
the points in the plot, as such an effect would imply a depen-
dency. For the agreement within the same observer as well
as between the different observers, the mean differences
were calculated and we expected 95% of the differences
to be within the 2SD interval9 (Table VA). The same was
done for the OOCHAS [Fig. 3(B) and Table VA]. The results
for the mean difference and SD for this study are compared
to previous studies (Table VI).
VARIABILITY
The intra- and inter-observer variability were determined
by calculating the Intra-Class-Coefﬁcient (ICC)10 (Table
VII). The ICC values were interpreted according to Fleiss11
as follows: <0.40 poor, 0.40e0.75 fair to good, and 0.75
excellent reproducibility.
FLOOR AND CEILING EFFECTS
The ﬂoor and ceiling range of the HHGS and the OO-
CHAS were determined. The ﬂoor and ceiling effects were
deﬁned as the percentage of scores that scored, respec-
tively, the minimum and maximum levels on that scale. Ide-
ally, not more than 10% should fall at the bottom or top of
the scale12. Higher ﬂoor/ceiling effects indicate insensitivity
of the tool for improvement or respectively worsening of car-
tilage quality (Table VIII).
CORRELATION
The non-parametric correlation between both scoring
systems was determined by calculating the Spearman’srank correlation coefﬁcient (r) for the scores of the ﬁrst ob-
servations and plotted in a graph13 (Fig. 4 and Table IX). All
correlations were tested for their signiﬁcance (P< 0.01,
two-tailed).
All statistical analyses were performed using SPSS
11.0.4 software for Mac.
Results
CARTILAGE SAMPLES
Macroscopically, there was considerable cartilage
damage of the medial femoral condyle articulating against
the cobaltechromium implant, replacing the medial tibial
plateau. Little damage of the lateral compartment of the
experimental knee was found. The untreated contralateral
knee displayed minor, if any, cartilage damage. Therefore,
macroscopically the full range from normal to severely
osteoarthritic cartilage was represented.
RELIABILITY
The Cronbach’s alpha, representing the internal consis-
tency of the HHGS was 0.634 and 0.604 for, respectively,
the ﬁrst and second scoring time point. Higher Cronbach’s
alpha values were found for the OOCHAS, respectively,
0.772 and 0.830 (Table IV).
REPRODUCIBILITY
In the Bland and Altman plots no funnel effect or skewing
of the data was observed, and therefore the accuracy ap-
peared not affected by repeated scoring of both scoring
systems. In addition, these plots demonstrate that the upper
1244 R. J. H. Custers et al.: OARSI scoring system compared to Mankin scoreand lower limits of agreement were 3.65 and 3.99 for the
HHGS and 6.17 and 6.35 for the OOCHAS [Fig. 3(A) and
(B)].
For the HHGS, the average difference between the ﬁrst
and the second observation was very small, 0.009 (range
1.480 to 1.120). SD of the observations was 1.659 (range
1.248e1.923) within the 14 points in this scoring system.
Overall, 96.2% of all differences were within the 2SD inter-
val (97.4% for observer A, 97.4% for observer B, and 93.6%
for observer C) (Table VA). The average difference be-
tween the score of the observer and the average of all three
observers was 0.017 (range 0.426 to 0.517). SD of the ob-
servations was 0.885 (range 0.833e1.015). Overall, 95.8%
of all differences were within the 2SD interval (93.7% for ob-
server A, 93.2% for observer B, and 97.5% for observer C)
(Table VB).
For the OOCHAS, the average difference between the
ﬁrst and the second observation was very small, 0.264
(range 2.439 to 1.127). The SD of the observations was
2.740 (range 2.471e3.095) within the 24 points in this scor-
ing system. Overall, 94.8% of all differences were within the
2SD interval (94.9% for observer A, 96.1% for observer B,
and 93.5% for observer C) (Table VA). The average differ-
ence between the score of the observer and the average of
all three observers was 0.000 (range 0.880 to 0.918). SD
of the observations was 1.541 (range 1.308e1.883). Over-
all, 94.9% of all differences were within the 2SD interval
(94.9% for observer A, 93.7% for observer B, and 96.2%
for observer C) (Table VA).
VARIABILITY
For the HHGS, the intra- and inter-observer variability
were low for all observers. The overall ICC intra-observer
value for the three observers was excellent; 0.79 (according
to the criteria described by Fleiss11) (0.90 for observer A,
0.79 for observer B, and 0.68 for observer C). The overall
ICC inter-observer value for all three observers was excel-
lent; 0.82 (0.83 for observer A, 0.88 for observer B, and
0.75 for observer C) (Table VII).
Table IIIA
OOCHAS3 e stage assessment
Stage % Involvement
(surface, area, and volume)





Stage¼ extent of joint involvement.
Table IIIB
OOCHAS3 e scoring, semi-quantitative method
Grade Stage
S1 S2 S3 S4
G1 1 2 3 4
G2 2 4 6 8
G3 3 6 9 12
G4 4 8 12 16
G5 5 10 15 20
G6 6 12 18 24
Score¼ grade stage.For the OOCHAS, the intra- and inter-observer variability
were low for all observers. The overall ICC intra-observer
value for all three observers was excellent; 0.82 (0.86 for
observer A, 0.82 for observer B, and 0.79 for observer C).
The overall ICC inter-observer value for all three observers
was excellent; 0.80 (0.80 for observer A, 0.77 for observer
B, and 0.83 for observer C) (Table VII).
FLOOR AND CEILING EFFECTS
A ﬂoor effect was seen for both scoring systems and was
more outspoken for the OOCHAS (mean ﬂoor effect
14.35%) as compared to the HGGS (mean ﬂoor effect
8.06%) (TableVIII). A ceilingeffect couldnot bedemonstrated,
since none of the samples received the maximal score.
CORRELATION BETWEEN HHGS AND OOCHAS
There was a good positive correlation between both scor-
ing systems as indicated by the Spearman’s r. The overall
correlation between both scoring systems was good
(rOverall¼ 0.883) as well as for each observer individually
(rObserver A¼ 0.823, rObserver B¼ 0.840, rObserver C¼ 0.725).
All correlations were signiﬁcant at the 0.01 level (two-tailed)
(Fig. 4 and Table IX).
Discussion
The current study showed that both the HHGS as well the
OOCHAS have an excellent intra- and inter-observer repro-
ducibility and variability and a good positive correlation be-
tween the scoring systems. Although the reliability of the
OOCHAS was higher as compared to the HHGS, the hy-
pothesized advantage in terms of intra- and inter-observer
reproducibility and variability of the OOCHAS was not
shown in this investigation.
When comparing the results for the reproducibility of the
HHGS to previously published results, these turn out to
be similar and even slightly better (Table VI). The reproduc-
ibility results for the OOCHAS cannot be compared to pre-
vious results since, to our knowledge, these were not
published. However, these values were in the range of
those found in previous papers describing histological scor-
ing systems1,3,4,14.
This study also showed that three inexperienced
observers were able to reach an excellent intra- and
inter-observer variability using the OOCHAS, whereas in-
tra-observer variability seemed more dependent on experi-
ence, when using the HHGS. This suggests that
experience could be less of an inﬂuential factor in proper
application of the OOCHAS, whereas it is for the HHGS.
This can be a beneﬁt in both clinical and experimental
evaluations and implies that the OOCHAS outcome could
be more robust to learner curve variations and that in the
future, experienced OOCHAS users may show an even
lower intra- and inter-observer variability compared to the
present results.
The term reliability refers to the property of a measure-
ment instrument that causes it to give similar results for sim-
ilar inputs. This reliability was higher for the OOCHAS as
compared to the HHGS, suggesting that the OOCHAS is
a better tool. Floor and ceiling effects on the HHGS were
not seen. However, a ﬂoor effect was seen in the OOCHAS.
This is probably the result of the inclusion of a relatively high
1245Osteoarthritis and Cartilage Vol. 15, No. 11Fig. 1. (A) Digital photograph of the knee joint with the black lines indicating the standardized locations of the histological sections, usually
through the maximal cross-section of the lesion in the plane of the section. (B) Schematic representation of the standardized locations of
the harvested cartilage samples at the goat knee joint as shown in (A). The black area represents the tibial implant made up of
cobaltechromium.
1246 R. J. H. Custers et al.: OARSI scoring system compared to Mankin scoreFig. 2. Examples of cartilage sections that were scored. Note that when only a part of the section is scored [as shown in (B) and (D)], this would
not be truly a representative for the entire section. Therefore, the entire sections were scored at both 40 for overview and 100 for cellular
and tissue details. (A) Severely damaged femoral condyle, (B) detail of section (A), (C) severely damaged tibial plateau and (D) detail of
section (C).number of healthy cartilage samples in our dataset, since it
was seen for all individual researchers.
When comparing the two scoring systems in terms of ap-
plicability and value, it should be mentioned that an advan-
tage of the HHGS is that the system is easy in use and
researchers have frequently used it for many years, so
many researchers can assess its outcome. Additionally,
the HHGS’ results were previously correlated to macro-
scopic and biochemical results. However, a major drawback
is that the system only consists of a grading and lacks
a staging component, leading to difﬁculties when applying
the system in a uniform way if variation of cartilage quality
exists within the same section. This results in an under-
and overestimation of cartilage quality and is probably inﬂu-
encing the reproducibility and variability. This effect is even
worse in a situation where an artifact is not recognized,
leading to incorrect high scores, less reproducibility and
more variability.
On the other hand, the OOCHAS is easy to use as well
and has clear instructions for ﬁrst-time users. The staging
provides insight in the extent of the osteoarthritic changes
in the cartilage, and especially artifacts do not have a major
Table IV
Reliability
HHGS 1 HHGS 2 OOCHAS 1 OOCHAS 2
Cronbach’s a 0.634 0.604 0.772 0.830
The Cronbach’s a values for the mean of all three observers at
both time points are higher for the OOCHAS as compared to the
HHGS values, representing a higher internal consistency for the
OOCHAS.impact on the total score if not recognized. However, al-
though the staging accounts for a substantial part of the to-
tal score, it is rather difﬁcult to apply, since a precise
estimation of the percentage of osteoarthritic cartilage is re-
quired. This is probably inﬂuencing the reproducibility and
variability. Another disadvantage is the lack of research
showing a correlation between macroscopic and biochemi-
cal scores. Moreover, the results presented here are based
on the evaluation of goat articular cartilage and cannot be
stated with certainty, as with all animal research, that they
can be extrapolated to a human setting.
The HHGS’ scores vary from 0 to 14 and the OOCHAS
from 0 to 24, but the numbers 7, 11, 13, 14, 17, 19, 21,
22 and 23 are not included in the OOCHAS, which may
be the artiﬁcial cause of more variation in the higher num-
bers. This is a result of the design of the OOCHAS, where
the grading and staging components are multiplied.
The OOCHAS has been introduced as a tool to overcome
the limitations of the HHGS. In the current study, the ob-
servers were shown to be able to reach excellent intra-
and inter-observer reproducibility and variability for the
HHGS and the OOCHAS. However, the reliability of the
HHGS was considerably less compared to the OOCHAS.
Despite lack of data on correlation to macroscopic and bio-
chemical scores for the OOCHAS, it showed a good corre-
lation to the HHGS, which has been correlated to
macroscopic and biochemical results. Although the HHGS
has proven to be an excellent tool for histological scoring
of cartilage quality, we recommend the OOCHAS as the
premium choice, while stressing the importance of further
research investigating the correlation of the histological re-
sults to macroscopic and biochemical parameters.
1247Osteoarthritis and Cartilage Vol. 15, No. 11Fig. 3. Reproducibility: the intra-observer reproducibility for observers A, B and C for both the HHGS and the OOCHAS was excellent. The
difference between the ﬁrst and second total scores is plotted against the average of the two scores. No funnel effect or skewing of the
data is seen.Table V
Reproducibility
Intra-observer Inter-observer
D1 SD % in 2SD D2 SD % in 2SD
(A) Intra- and inter-observer agreement of HHGS*
Observer A 0.333 1.248 97.4 0.040 0.833 93.7
Observer B 1.480 1.807 97.4 0.426 0.808 93.2
Observer C 1.120 1.923 93.6 0.517 1.015 97.5
Overall 0.009 1.659 96.2 0.017 0.885 95.8
(B) Intra- and inter-observer agreement of OOCHASy
Observer A 1.127 2.471 94.9 0.038 1.308 94.9
Observer B 2.439 2.653 96.1 0.880 1.431 93.7
Observer C 0.520 3.095 93.5 0.918 1.883 96.2
Overall 0.264 2.740 94.8 0.000 1.541 94.9
D1¼mean difference between the ﬁrst and second score.
D2¼mean difference between score of observer and average of












D1 0.1 0.1 0.2 0.009
SD 1.9 1.9 1.8 1.659
Inter-observer
D2 0.0 0.3 0.0 0.017
SD 1.8 2.4 2.3 0.885
D1¼ overall mean difference between the ﬁrst and second
score. D2¼ overall mean difference between score of observer
and average of other observer(s). Comparison of intra- and
inter-observer HHGS results to previously published data. The
data presented in this paper are comparable and even slightly
better than previously published papers.
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Observer A 6.33 0.00 12.66 0.00
Observer B 10.26 0.00 17.72 0.00
Observer C 7.59 0.00 12.66 0.00
Overall 8.06 0.00 14.35 0.00
The OOCHAS showed a considerable ﬂoor effect, whereas the
HHGS did not. A ceiling effect was not seen in both the systems.
Fig. 4. Correlation of HHGS vs OOCHAS. The overall correlation












Observer A 0.90 0.86 0.88 0.80
Observer B 0.79 0.82 0.83 0.77
Observer C 0.68 0.79 0.75 0.83
Overall 0.79 0.82 0.82 0.80
For both the HHGS and the OOCHAS, the intra- and inter-
observer variability were low for all observers, as indicated by
excellent ICC values.
Table IX
Correlation of HHGS vs OOCHAS
Observer A Observer B Observer C Overall
Spearman’s r 0.823 0.840 0.725 0.883
Spearman’s non-parametric correlation between the HHGS and
the OOCHAS was good.Acknowledgements
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